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Germline stemcells divide asymmetrically, producing a self-renewing stemcell and a differentiating
progenitor. Xie et al. now show that this depends on two asymmetric events that together partition a
genome copy, carrying the old histones to the stem cell daughter and a copy with new, unmarked
histones to the differentiating daughter.Post-translational modifications of the
histones around which genomic DNA is
wrapped are involved in virtually every-
thing that the genome does, from the
various steps of transcription to chro-
matin replication or DNA damage repair.
Are the histone modifications instructive,
determining these events? Or are they
just facilitators of processes initiated by
extracellular signals? A remarkable story
from the lab of Xin Chen, the latest install-
ment of which appears in this issue of Cell
(Xie et al., 2015), sheds more light on this
question and shows that histone modifi-
cations can also determine how chromo-
somes are partitioned between daughter
cells destined to have different fates dur-
ing asymmetric cell division.
Chen and co-workers looked at the
germline stem cells (GSCs) in the
Drosophila testes. These stem cells main-
tain contact with the ‘‘hub,’’ a cluster of
niche cells that provide important signals
for ‘‘stemness.’’ The GSCs divide asym-
metrically to produce a daughter GSC
that remains in contact with the hub and a
gonialblast (GB) daughter cell that moves
awayand initiatesdifferentiation,ultimately
to produce spermatocytes. In a remark-
able 2012 article, Chen and co-workers
reported that parental histone H3 and
presumably the entire H3-H4 heterote-
tramer segregates asymmetrically during
GSC division so that the daughter cell
that retains stem cell fate inherits the
old histone H3 epigenetically marked by
GSC-associated post-translationalmodifi-
cations, while the GB daughter cell ac-
quires newly synthesized and unmodified
H3 (Tran et al., 2012).
In normal symmetric cell division, the
old histones are removed from the DNA
just in front of the advancing replication
fork and are restored to the DNA on the792 Cell 163, November 5, 2015 ª2015 Elsevother side of the fork approximately in
equal measure to the two daughter DNA
molecules. Newly synthesized histones
fill in the gaps resulting from the 2-fold
dilution of the old histones. How the re-
deposition of old histones takes place is
poorly understood, but how it is rendered
asymmetric in the GSC so that one
daughter molecule is the preferred recip-
ient is not understood at all. It may be
related to the asymmetry in DNA replica-
tion, where one strand is replicated by
continuous elongation (leading-strand)
while the other (lagging-strand) is repli-
cated discontinuously in short segments.
However, this is insufficient to account
for the asymmetry since the genome is
normally replicated bidirectionally from
many origins. Another possibility sug-
gested by the authors is that the two
DNA strands are distinguished according
to which is the oldest (grandparent)
strand. Differential inheritance of the two
parental DNA strands has been seen in
some cases of asymmetric stem cell divi-
sion such as mouse muscle stem cells or
the Drosophila male GSC itself (Evano
and Tajbakhsh, 2013; Yadlapalli and Ya-
mashita, 2013) and has been argued to
preserve to the stem cell the DNA strand
with the fewest replication-induced muta-
tions (the immortal-strand hypothesis,
proposed by Cairns, 1975; reviewed by
Rando, 2007). No mechanism for the
distinction of the two strands is currently
known. Regardless of how it is produced,
the asymmetric distribution of the old his-
tones suggests that their stem-cell-spe-
cific modifications enforce GSC fate while
the unmodified histones in the GB
daughter leave the cell free to acquire a
differentiation program.
In the present paper, however, the au-
thors tackle a second aspect of the asym-ier Inc.metric division. Once the asymmetric
old histone distribution is achieved on
the replicated DNA molecules, their
partitioning needs to be orchestrated
such that all the chromosomes with
the old histones go to the GSC daughter
and all chromosomes with new histones
go to the GB daughter cell. To study
how this is achieved, Xie et al. used a
two-color system previously developed
in the Chen lab (Tran et al., 2012) in which
a transgene expresses histone H3 labeled
with GFP (old histone) but can be
switched by a heat shock to express H3
labeled with mKO (new histone). In the
mitosis that follows the administration of
the heat shock, mKO was found to deco-
rate preferentially the chromosomes that
segregate into the GB while the old
GFP-H3 was found on the GSC chromo-
somes. The correct alignment of chromo-
somes at metaphase is known to involve
the Haspin kinase (Dai et al., 2005), which
normally phosphorylates the threonine at
position 3 of histone H3 in late mitosis.
Xie et al. found that, in GSCs, Haspin pro-
duces an early phosphorylation event that
is specific for the chromatids containing
old histones. This earlier event apparently
gives the ‘‘old’’ chromosomes the advan-
tage in connecting with the mother
centrosome and thus in segregating
with the cell that retains GSC identity.
The mother centrosome is connected to
the surface of the GSC that contacts the
hub, and therefore the mitotic spindle is
oriented perpendicular to this surface
and causes the GSC daughter to remain
in contact with the hub while the GB
daughter moves away (Yamashita et al.,
2007). Signaling from the hub cells is
important. For example, hyperactivation
of JAK-STAT signaling in the hub cells
causes GSCs to divide symmetrically,
Figure 1. Asymmetric Segregation of Old Histones Is Directed by Phosphorylation of H3T3
and Is Linked to Cell Fate
(Top) Germline stem cells (GSCs) associated with the hub cells divide asymmetrically such that one
daughter cell remains a GSC and associated with the hub, while the other becomes a gonialblast (GB),
initiates to differentiate, divides symmetrically, and eventually produces spermatocytes. (Bottom) The
asymmetric features begin during DNA replication in the GSC. The old histones, presumably with GSC-
specific histone modifications, are specifically transferred to one of the daughter DNA molecules (not
known which), while newly synthesized histones lacking modifications are deposited on the other DNA
molecule. At the beginning of mitosis, an early wave of recruitment of the Haspin kinase phosphorylates
histone H3T3 on old histones, which directs attachment to the maternal centrosome. As a result, at
telophase, the chromosomes carrying the old histones segregate together to the daughter cell that re-
mains associated with the hub and retains GSC character. The daughter cell with new histones now re-
sponds to signals that initiate differentiation.producing two GSC daughters, each with
half of the old histone H3.
To demonstrate the role of H3T3 and its
importance for asymmetric segregation,
Xie et al. antagonized endogenous H3
by expressing a transgenic H3 in which
T3 is mutated to alanine (H3T3A), which
cannot be phosphorylated, or to aspar-
tate (H3T3D), which mimics constitutive
phosphorylation. H3T3A expression in
early germ cells greatly reduces the
level of phosphorylated H3T3 in dividing
GSCs. As a consequence, the pattern
of old histone segregation becomes
predominantly symmetric: the dividing
GSC can no longer distinguish which
chromosomes have the old histones and
which have the new. Interestingly, since
Drosophila has only three large and one
very small chromosome, random segre-
gation would occasionally result in the
correct asymmetric segregation pattern:
all of the ‘‘old’’ chromosomes going with
the daughter GSC by chance. With a
similar low frequency, the inverse asym-metry would be also expected: all of the
‘‘old’’ chromosomes going with the GB
daughter. Remarkably, this is just what is
observed and with a frequency close to
that statistically expected. The expres-
sion of the H3T3D transgene in early
germ cells leads to incorporation of the
phospho-mimic H3T3D in both copies of
the DNA during replication, and therefore
both compete equally in segregation to
the daughter cells. Just as with the
H3T3A transgene, this results in random-
ized inheritance of the ‘‘old’’ chromo-
somes when the GSCs divide (Figure 1).
Even more telling are the conse-
quences of inappropriate segregation of
the chromosomes carrying the old his-
tones. In both H3T3A and H3T3D experi-
ments, cells containing a spectrosome,
an organelle characteristic of GSCs,
decrease in number. In their place, next
to the hub region, appear cells containing
a fusome, typical of differentiating germ
cells, suggesting that GSCs lose their
stem cell character and begin to differen-Cell 163,tiate. In addition, the authors observe het-
erogeneous ‘‘tumors’’: clusters of cells
that replicate actively and exhibit a
mixture of GSC-like and GB-like features.
This suggests that the daughter cells ex-
press their differentiation genes variously
in proportion to the number of ‘‘new’’
chromosomes that they received.
To summarize, then, the old histone H3
with its various marks is preferentially
transmitted to one genome copy. This in-
structs Haspin to phosphorylate preferen-
tially the ‘‘old’’ chromosomes, which in
turn are preferentially associated with
the maternal centrosome. The cell with
the ‘‘old’’ chromatin retains stem cell
character and stem-cell-specific gene
expression, while the cell with ‘‘new’’
chromatin is free to respond to a new pro-
gram of gene expression leading to differ-
entiation. At least in these cells then, sig-
nals from the hub cells are not sufficient
to determine ‘‘stemness,’’ and the histone
modifications are both necessary and suf-
ficient to prevent differentiation. These re-
sults raise many fascinating questions.
How is Haspin activated for early H3T3
phosphorylation in GSCs? How does it
recognize the old histone H3? What
‘‘reads’’ the phosphorylated H3T3? Most
intriguing of all, how is the asymmetric
distribution of old histones achieved dur-
ing DNA replication? It is clear that new
surprises and insights will be forthcoming
as Chen and co-workers continue their
study of this process.REFERENCES
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